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Background: Cornlettes (young corn$ rarely used in maximizing its usage as well as
to accommodate the demands in functional food dgweént.Objective: This study
aimed to investigate physicochemical properties rmmphological characteristics of
composite flour containing cornlettes powder (CRjich partially replacing wheat
flour. Composite flour was prepared by using CPediwith wheat flour (WF) with the
proportion of 10:90, 20:80, 30:70 and 100:0 (CP:)WResults: Amylose contents
significantly increased when the percentage of leties powder in composite flours is
increased. The highest amylose content was fountDd% CP sample (4.40g/20g)
while the lowest amylose content was found in adnsample (0.072g/20g). The
percentage of swelling power in composite flour extldvith CP was significantly

higher than control and there is significant défece in the setback viscosity of the
composite flour starch samples. Composite flourwshainiformed wheat starch
granules which clustered with irregular shape ohlattes starch granul€onclusion:
Addition of CP to partially replace wheat flourftrm composite flour has resulted in
improvement of swelling power and amylose compasitivhile slightly altering the
starches morphological structures. Composite flaith higher proportions of CP
(30:70) can be used to partially replace wheatrfiouorder to meet the demands of
food production.

INTRODUCTION

Presently, plant-based food products become niagat source since ages, thus the production of it
crucial. Food manufactures need to come out withtheer options of underutilized plant species ineortb
accommodate the demands. Underutilized crops &a ofdigenous ancient crop species which areustéd at
some level within the local, national or even intifonal communities, but have the potential toticbute
further to the mixture of food sources than usudhyes et al., 2011). The term underutilized refers to
categories of wild and cultivated plants specieosgehpotential has not been fully realized (Padutosd
Hoeschle-Zeledon, 2004). Underutilized crops uguaie domestic plant species that have been udedeles
foods, but have been neglected over the times.

Cornlettes Zea Mays) or young corn is a type of underutilized crop ethis harvested in the early stage.
During harvesting, cornlettes are small, immatgik either do not appear or just appear and feation not
occurred (Hooda and Kawatra, 2013). There are rdiffevarieties of cornlettes in the market, restiten
natural hybrids and mutation which cause a vergdarumbers of cultivars (Adejunab al., 2013). Properties
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of each variety differentiate type of cornlettespecially physical appearance, texture, and strectufunction
of the starch. Cornlettes can be eaten either ramgsed as ingredients in food preparation as pigldeup and
others. As cornlettes taste delicious and veryitis, people tend to add them in their preparecds.
Moreover, cornlettes is popular at both local amdrinational levels even though their nutritiveues have not
been known clearly. The nutritive values of cornalgtare comparable to several high-priced vegetdiie
cauliflowers, cabbage; french beans, spinach, fiagher, brinjal, radish and potato (Hooda and Kawja?2013).

Cornlettes contains high concentration of totataly fibore (TDF) where dried young cornlettes basn
recorded to contain 30.49/100g (Wan Rosli and Chis,/&2012). Corn or maize contains high amountaxicé,
by far as the largest starch source dominantly dannwheat, tapioca, potato and rice. Plants sitweose as
the polysaccharide starch. Starch consists ofg@igsaccharide molecules, amylose and amylopeBtiown,
2011) where natural starches are mixture of amy(©8e20%) and amylopectin (80-90%). The ratio ofykose
and amylopectin affects the physiochemical propsntif starch (Sasaéi al., 2000).

Starch will undergo a transition process whendgbat excess water where the semi-crystalline &tradn
granules transforms into amorphous form known datigezation. Besides that, structural propertiéstarch
especially amylose and amylopectin content is &by both processes. Besides, the branch chagphlef
amylopectin is related to affect starch crystatlaa, gelatinization and pasting properties (Uaetal., 2013).
Starch gelatinization and pasting properties atésole affected by the particles size, damagedhstaenules as
well as molecular structure. Furthermore, gelaédi starch tends to re-associate in an orderedatiiys
structure during storage, which is termed as resiation (Zhotet al., 2010).

This study aimed to investigate physicochemicapprties and morphological characteristics of cositpo
flour containing cornlettes powder (CP) which phi replaced wheat flour as an alternative heé#dibd
ingredient.

MATERIALS AND METHODS

Plant material:

Cornlettes were purchased from Siti Khadijah's meatrket, Kota Bharu district of Kelantan, Malaysiae
cornlettes was then placed in refrigerator withhibek intact to conserve ear moisture and pregbeiequality.
All-purpose wheat flour was purchased from locgestarket in Kota Bharu district, Kelantan, Malaysi

Sample preparation:

The cornlettes ears were detached and separaiétfeilk, tassel and husk. The cornlettes wera thashed
using distilled water. Then, the sliced cornlettese air dried for one day at room temperature tarmddays in
an oven (Memmert GmbH & Co. KG, Germany) at 55°@l iutrturns brownish in colour. Dried young corrasv
ground using electric grinder (National MX — 895M) obtain fine cornlettes powder. Cornlettes powdP)
was sifted through 125 microns mesh — sieve (Erttettd. England) to acquire uniformed fine powdeénally,
cornlettes powder was kept in screw cap bottle ¢SPairan) and stored in refrigerator at 4°C. WHkatr (WF)
was substituted with CP with the ratios of 0:108n¢col), 10:90, 20:80, and 30:70 (CP:WF w/w).

Determination of composite flour thermal profiles:

The thermal properties of the samples were andlyming Perkin-EImer DSC-7 (Norwalk, CT, USA)
equipped with an intracooler |1 and Thermal AnalySisntroller TAC 7/DX. An empty pan is used as the
reference and calorimeter was calibrated with imd{melting point = 156.6°CAH = 28.5J/g). The operation of
DSC analyzer was run under nitrogen gas atmosgBermL/min). Starch samples thermal transitionsnaeés,
(1) onset temperature (To), (2) peak of gelatinmatemperature (Tp), (3) conclusion temperature® @nd (4)
enthalpy gelatinizationAHgel) where enthalpies were calculated on a stdrgtweight basis. Three mg of CF
starch (dry basis) was weighed in an Al pan. Déstiwater was added into the starch subsequenithg ds2
ratio (starch: water, w/w). The weight of the sagplas controlled continuously until the desired shoie
content was attained. The pan was sealed heathjtiend was allowed it to stabilize at 4°C for ovight to
reach equilibrium before heating in the calorimefédre amount of water was adjusted accordinglyrdento
achieve starch — water suspension. Then the sgraplevas heated at a rate of 10°C/min from 20-9%M&rmal
transitions and gelatinization temperature range iwaorded.

Determination of composite flour swelling power and amylose content:

Swelling power is a measurement of the hydratiapacity of starch and is expressed as the weight of
centrifuged swollen granules. The swelling powesarples was determined based on a modified methed
(2008). First, 30g of samples was mixed with 1.6istilled water in pre - weighed 2 mL polyethylemécro
centrifuge tubes with lids. It was then mixed agatimoom temperature for 30 minutes on a rotatingermat 30
rom. Then it was centrifuged at 3000 rpm for 10 utess, flipped and mixed again on the rotating miker
several minutes until completely mix. It was thdacpd in a constant temperature (95°C) thermonaxer400
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rpm. After 30 minutes, the tubes were placed irmtembath (20°C) for 10 min and then centrifuged@00 rpm
for 10 minutes. The supernatant was removed usingspirator and centrifuged at 10000 rpm for 1@sds to
remove the residual water attach to the inner whlhe tubes. The residual supernatant was rembyean
aspirator and the tube with the sediment gel waghee. The flour swelling power was calculatedhraesweight
of the sediment gel divided by the original dry g¥iof the flour sample.

Determination of amylose contents of starches avadyzed using the method of Adejureial. (2013).
Twenty grams of sample was mixed with 10 ml of O/QIH. Sample was transferred into 100 ml of voluimet
flask and was diluted with distilled water until rked area. 10 ml of solution aliquot pipette wasdus transfer
solutions into 50 ml volumetric flask and 5 ml o HCI and 0.5 iodine reagent was added. It whgadi until
50 ml and spectrometer with the absorbance at 625was used. Amylose content of samples was then
determined and recorded.

Morphological characterization:

Scanning Electron Microscope (SEM) was used taatterize the morphology of starch granules after
extraction processes. Starch of composite flour masnted on circular Al stubs with double-sidedlstitape.
Samples were evenly distributed on the surfaceheftape. Samples with 12 nm gold, was examined and
photograph at an accelerating voltage of 5 KV witmagnification of x100, x300 and x500 was viewedear
SEM (Quanta FEG 450, FEI Electron Microscopy).

Data analysis.

Data obtain was analyzed using the ANOVA procedorédBM SPSS 22.0 (USA) software. Results are
expressed as mean + standard deviation. All measunts were carried out in triplicate (n=3). Sigrafit level
establishes at £0. 05.

RESULTS AND DISCUSSION

Thermal profiles of composite flour:

Table 1 shows the results of DSC analysis whexértinsition temperatures (To, Tp, and Tc), rad@eT0),
enthalpies of gelatinizatiom\Hgy) and peak height indices (PHI) of starches ditfesignificantly (P<0.05). The
substitution of cornlettes added in the compodaarfdecreased the Tand Tp and increased tiAéHy. The
gelatinization of starches was initiated at 84@8°C and most of the peak temperature fell in &mge of 108 to
134°C. The results show that starch from sampl@QLBad the highest gelatinization temperature winditated
that it had a higher level of crystallinity; whilstarch from sample 100:0 had the lowest gelatiiiaat
temperature which could be due to the lowest degferystallinity of its granules (Wang al., 2011). Starch
from sample 100:0 shows the highest heat of gétation with theAH, value (1462.80 J/g), followed by 70:30
(S3) starch (1121.72 J/g) while it was lower foreah starch 100:0 (153.95 J/g). The 10:90 starchplesm
appeared to have the loweStly, value (483.99 J/g) among composite flour. Thedasing ofAHy value
indicates the increasing amount of amylose comtetiite starches (louchi, 1984).

The presence of amylose lowers the melting tenpeeraof crystalline regions and energy for starting
gelatinization (Sasaldt al., 2000). To initiate melting in the absence of lsg rich amorphous regions, more
energy is needed (Krueger al., 1987). This correlation is proportional to tamount of amylose content in
starch, as higher amylose content has more amaosphegion and less crystalline, lowering gelatinoat
temperature and endothermic enthalpy. Wide temperatinge implied a large amount of crystals wilnied
stability (Sasaket al., 2000). Furthermore, starch granule crystalltbgch required less energy to melt would
melt first (Obanni and Bemiller, 1997). Cornletfsvder with higher amylose content would start ttrfirst
and wheat flour melted successively in mixed samphhich results in lowering gelatinization onsetl peak
temperature of composite flour.

Swelling power and amylose content of composite flour:

The amylose content of different levels of coneletpowder incorporated with wheat flour was inseeh
proportionally when the concentration of cornlefpesvder increased (Table 2). The result showsdhatlose
content of all samples was ranged between 3.4040%4 compared to control (0.01%). In addition, @BO(0O)
had the highest amylose content (4.40%) which Bagmitly higher (p < 0.05) than control (0.01%)a®h
polymers, amylose and amylopectin molecules haee kédely used in both food and pharmaceutical stris
many years back.

Higher amylose content in composite flour addethwgornlettes might be explained by richer amylose
content (4.40%) in cornlettes compared to wheairf{®.01%). Amylose contents in plant-based foagrs
are different based on the sources. Plant basetligiocontains high amylose such as corn whichagun70%,
regular corn contains 28%, wheat and sago con24i#is arrowroot contains 21%, potatoes contains 2%éet
potatoes contains 18% and cassava contains ab&ublamylose (Obanni and Bemiller, 1997). Furthemo
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plant-based products are likely to have most amytmmtent and other types of resistant starchhbgus in
limiting spikes in blood sugar levels (Corn Refmekssociation 2006). Starches with a high percentafy
amylose are difficult to gelatinize because of #éxéra energy needed to hydrate and disintegratdirtingy-

bonded, crystalline aggregates of amylose (Rirdl., 2007). In addition, higher amylose content wsitbws
down starch digestion and thus resulted in delaghegglucose release in small intestine. Therefors which
contain high percentage of amylose and amylopéetihlow glycemic index (GI) value.

Table 1 Thermal properties of composite flour added witimlettes.

Sample Conclusion temperature Peak temperature Onset temperature Enthalpy
(°C, Tc) (°C, Tp) (°C, To) (AH) J/g
0:100 (Control) 135.60+0.72 117.19+1.00 108.58+0.4% 153.95+8.19
10:90 141.83+21.37 128.28+14.63 107.42+34.2% 483.99+342.9%
20:80 132.53+2.90 117.64+1.05 84.64+1.11 853.95+87.00)
30:70 142.80+21.12 134.33+21.06 98.70+23.14 1121.72+156.98
100:0 128.69+3.67 108.70+19.49 106.19+20.93 1462.80+74.22

Mean £ SD values followed by the same letter iheamumn are not significantly different (P < 0.05)

Amylose contents of starches influence the degfegelatinization. High amylose content is slowitg
process of gelatinization and at the same time islpwhe process of starch breaking down into glacibsis
reducing Gl levels. Starchy foods with high amylteseels are associated with lower blood glucoselfeand
slower emptying of the human gastrointestinal trast it significantly affects starch digestion ineth
gastrointestinal tract (Denardit al., 2012). Hence, composite flour with ratio of 3D:@VF:CP) and 0:100
(WF:CF) that contains high amylose are suitabletlier production of foods products aiming for peopl@se
suffers with diabetic complications.

In addition, the swelling power of composite fladded with cornlettes varies from 4.76 to 13.2%#tere
the percentage of swelling power in composite fladded with cornlettes were significantly highearticontrol
(P<0.05). Swelling power of composite flour stamhs increased when 10% of cornlettes was addeché@atv
flour (4.76%), while when 20% of cornlettes is adldiee swelling power is decreased to 3.45%; amimposite
flour with 30% cornlettes powder shows an increaseswelling power (4.15%). Composite flour addeithw
cornlettes has higher starch swelling power thapatfflour. In addition, swelling power of cornlettpowder
was significantly higher (13.21%) than wheat fl¢8u06%).

Swelling power indicates the water holding capeoitstarch (Kauet al., 2011). Swelling power of starch
has be found to be depend on the water bindingctgyE starch molecule by hydrogen bonding (Uaaeital .,
2013). Starch swelling behaviours is the propeftheir amylopectin content, where amylose actdilagnt and
inhibitor of swelling especially in the presencdipifds which can form insoluble complexes with dose during
swelling (Ashogbon and Akintayo, 2012). Swellingyes can be influences by the temperature, wherdisge
power is increased when temperature is increasedndpthe analysis, starch is heated in 60°C wiadth for at
least 30 minutes before measured. Amylose playargimp limiting initial swelling because swellingqreeds
more rapidly after amylose has been moved.

High swelling power results shown by cornlettesvgger might be an indicative of weak bonding forces
within the granules which make it less compact wb@mpared to other levels of composite flour anéattlour
granules. In addition, amylose content and staramidar properties differences may also have aftethe
swelling power (Singlet al., 2003). The concentration of starch swellingtiian is reduced in the present of
high amylose content thus decrease the gelatioizatiscosity (Ikegwu, 2009). Since the cornlettesvger
swelled much more than wheat flour and compostiarflswelling may be caused by the occurrence &i bo
amylose and amylopectin in the cornlettes starchylse is a good gelation agent while amylopectimcfions
as prominent thickening agent. Gelation and thigigproperties exhibited by both amylose and angttip
may explain the reason why cornlettes starch shiogsost potent swelling power as compared to wteath.

Table 2: Amylose content and swelling power of composibeifladded with cornlettes.
Composite flour Content (g/100g WF:CP)

0:100 (Control) 10:90 20:80 30:70 100:0
Amylose (%) 0.01x00 3.400.05 3.37:0.01 4.0120.0 4.40%0.62
SWG"'(Q/g)POWEf 3.06+1.18 4.76+0.38 3.4540.88 4.13+1.58 13.21+1.38

"®Mean values having different superscript withifuamn are significantly different (P < 0.05).
WF: Wheat flour, CP: cornlettes powder

Morphological characterization:

Starch granules of 100:0 (Control), 90:10, 802030 and 0:100 composite flours are shown in Eidur
Cornlettes starch granules seemed to be brokenpesgkbnt in clustered shapes. This may be due to the
denaturation or destruction of cornlettes grandl@sng extraction of CP (Figure 1D). The distontiof granule
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integrity by shearing forces was the main reasocootinuous leakage of the soluble starch matedrahg its
extraction (Blaszczakat al., 2003). Cornlettes granules are strongly hydidaplind it takes in more water
during extraction process. Starch granules exhiuitrophilic properties and strong inter-moleculasaxiation
via hydrogen bonding formed by the hydroxyl groopsthe granule surface (lat al., 2009). The hydrophilic
characteristics of starch granules cause an idtérteaaction and morphology of starch which wié beadily
changed by water molecules. Extraction proces®wofposite flour only destructed cornlettes stara@mgles in
the composite flour without changing the shape béat starch granules. Cornlettes starch granisgemded
after taken in water during extraction processfanes aggregated granules.

Wheat starch granules are bigger than cornletsgshsgranules, and the number of cornlettes gesnisl
increased when the levels on cornlettes in compdiiur is increased. It can be seen that, thetarsisof
cornlettes granules is getting bigger as the pésgenof cornlettes in composite flour increasedtieumore,
wheat flour starch granules also interacted to owvith cornlettes starch granules. As cornlettestaios high
amylose content than wheat, it causes an interattdween both types of granules and binds to etudr.
Figure 1A shows wheat starch granules after extraqirocess using alkaline method. There is a ptest
wheat starch granules with similar shape and Meanwhile, in Figure 1B, 1C and 1D, there were wistarch
granules and cornlettes starch granules with diffeshapes and sizes. Wheat starch had biggerlaraize and
longer in diameter than cornlettes starch granulése interaction between wheat and cornletteststgranules
can be seen in Figure 1B, 1C and 1D).

There are two dominant types of starch granulesgmt which were wheat flour granules and corrdette
starch granules. Wheat flour starch granules gueedily small and spherical in shape (Mandala amgyaB,
2004). Meanwhile, the shape of maize starch grarade ranging from small to large and oval to petiral and
angular (Singlet al., 2003). Besides that, cornlettes showed the poesef smallest size granules with mean
diameter of 6.33un and also with small oval shape granules (SandiduSingh, 2007). However, other corn
types showed different shapes and length of stgrahules. As an example, popcorn medium grainifract
starch had the largest granules with mean dianwét&éB.64 um and Dent corn bold grain starch had a higher
mean diameter. The difference in granular morphology be attributed to the biological origin, biedtistry of
the amyloplast and physiology of the plant (Sanaithd Singh, 2007).

Conclusion:

Swelling power of composite flour added with cettds is increased when percentage of CP incre@ked.
increase level of CP was significantly increasexlpghak viscosity, hot paste viscosity, break doisnosity and
cold paste viscosity of composite flour. The thdrpr@perties of 30:70 composite flour added withintettes
shows higher values as compared to wheat flour.at$tarch granules show uniformed in shape and \stziée
the structure of cornlettes starch granule wadustered form. Starch granules is believed to lmikdm during
the starch extraction process thus resulted indtion of cluster. However, both wheat and corngestiarch still
attached to each other in composite flour samphasrief, cornlettes can be used to partially repthwheat flour
in food products as it contains high amylose cdaraed their pasting properties and temperaturevailpit to be
used in designing low GI food products. Furthermdralso can maximize the usage of underutilizegetables
in the future.

Fig. 1: Scanning electron micrographs of composite fladded with cornlettes (Wheat Flour:Cornlettes Flour
where A=100:0, B=90:10, C=80:20, D=70:30 and E=0)Mewed under 300 X magnification.
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